INTRODUCTION

EXPERIMENTAL Method
Cats, weighing 1.5 to 4 kg, were used. Surgical operations, such as tracheal cannulation, exposure of the cerebral cortex, laminectomy and so on, were carried out under an initial anesthesia produced by an intra peritoneal injection of pentobarbital sodium (30 mg/kg of body weight). Experiments were conducted maintaining a constant level of anesthesia by intermittent intravenous injections of small doses of the same anesthetic.
For recording electrical activity of the cerebral cortex, a silver wire with a balled tip was gently placed upon the exposed cortical surface, and 271 it was used as a different electrode against an indifferent one placed on inactive tissues. Electromyographic activities associated with movements of the legs were recorded by inserting needle electrodes into suitable muscles. In some experiments, impulse discharges were recorded from ventral roots of the spinal cord by hooking up the root with two silver wires separated by several millimeters. For amplifying the electrical activities, an inkwriting electroencephalograph (Sanei) and a double beam cathoderay oscillograph in conjunction with suitable preamplifiers were used. For electrical stimulation we employed an electronic stimulator with an independent control of stimulus parameters.
GAB, for the use of intracisternal injection, was made up of 2 to 10% solution in a physiological saline. Results 
1) Effect of intracisternally injected GAB upon cortically induced movements
To produce cortically induced movements in one foreleg, 0.5% strychnine was applied to the foreleg area of the contralateral motor cortex. For the purpose of preventing spread of the applied solution, a small leucite ring was held with a light pressure on the cortical point to be treated and a few drops of the solution were poured inside the ring.
Several minutes after the strychninization, there developed spikes at the treated cortical point, and they were accompanied with muscular contractions in the foreleg. Though there was a considerable fluctuation in the amplitude of EMG response, an exact one-to-one correspondence could be ascertained between the cortical and the peripheral event (record 1 in Fig. 1 ). Two minutes after an intracisternal injection of 8 mg. of GAB, there was found a slight reduction in the motor response (record 2). As the time elapsed, the motor suppression became manifest gradually and its maximum was attained about 8 minutes after the injection (record 3). It was found about 12 minutes later that the motor response could appear with about the same amplitude as found before the injection (record 4).
As to electrocortical activity, it is worth noticing that, while the motor response was brought to a strongly suppressed state, spikes of the motor cortex were maintained at an approximately constant level of activity. Since it has been established that, when GAB is applied directly to the strychnine-treated cortex, there is a characteristic modification of the strych nine spike", the above-mentioned results convince us that intracisternally injected GAB did not reach the motor cortex with any appreciable con centration. If we are allowed to regard the spike activity recorded from the cortical surface as a measure for the process of triggering peripheral During the whole course of motor suppression , spikes at cortex remained unchanged. Noisy baselines of EMG were due to shivering . It was suppressed in 3. muscular contractions, we are led to the conclusion that a suppression of the cortically induced movement is caused by GAB without making any serious disturbance in the cortical neuronal mechanism which controls the peripheral motor response. In this sense, McLennan's supposition can not be accepted
Another experiment in the same line was done taking as indices a foreleg movement due to electrostimulation of the motor cortex, and corti cal afterdischarges recorded from the stimulated point following each stimu lus. A time course of the motor suppression after an intracisternal injec tion of 7 mg. of GAB was illustrated in the inset of Fig. 2 , where mean EMG amplitudes taken from the several consecutive responses were plotted against time after the injection. As was observed in the experiment of Fig. 1 , electrical activity of the motor cortex in response to electrostimula tion remained intact, though the motor response suffered a marked sup pression. This will be seen most clearly in sample EEG records of There is an additional finding in the experiments mentioned above . A phenomenon of spontaneous shivering, which is most common in a cat lightly anesthetized with barbiturate, was also found to be suppressed by intracisternally injected GAB. This feature will be seen from the records of Fig. 1 and 2 , where the baseline of the EMG records appears somewhat noisy if the animal shows shivering. In this regard, we have had the im pression that a suppressing effect of GAB appears earlier and lasts longer with the shivering than with the cortically induced movement. Since the shivering was found to be a sensitive indicator for judging the effect of GAB, we monitored EMG activity of shivering as a routine procedure in all the experiments carried out.
2) Suppression of spinal reflexes Since it was found that the suppression of the cortically induced move ment following intracisternal injection of GAB was not an event occurring at the cortical level, one might suppose that the substance so introduced would flow down within the subdural space and reach the spinal cord to suppress the activity thereof, resulting in a failure of the impulses from the motor cortex to cause a ventral root discharge.
If so, the spinal cord ac tivity, when examined by taking a reflex discharge as index, will also be suppressed by applying GAB directly to the exposed cord. However, this is not the case. We found that a ventral root discharge in response to single shock stimulation of a dorsal root remained unaffected when the relevant spinal segments were immersed for a long period in a solution of GAB with a considerably high concentration.
A similar finding has also been reported by McLennan.
Though GAB, directly applied to the spinal cord, does not affect the spinal reflex activity, it does so if administered through the intracisternal route. In this case the suppression of the spinal reflex is found to proceed in much the same way as is observed with the cortically induced movement . This can be seen in Fig. 3 , where a cortically induced movement and a reflex movement, both produced in the same foreleg , were recorded alter nately under the action of GAB. Here, the cortically and the reflexly evoked movement were produced by stimulating, respectively, the con tralateral motor cortex and the skin of the forepaw. Following an injec tion of 10 mg. of GAB, both types of movement suffered simultaneously a marked suppression within a short time after the injection (record 2 and 3), and finally they showed a complete recovery at about the same time (record 4).
The results presented in Fig. 4 came from an experiment where reflex movements in one foreleg and in one hindleg were examined alternately when injecting 10 mg. of GAB intracisternally. In this figure, mean am plitudes of the EMG response obtained with each leg were represented by rectangles for successive stages in the action of GAB. Since there can be found no marked difference between the foreleg and the hindleg in the extent of reflex suppression, one can suppose that the suppressing effect of GAB is exerted upon the spinal reflex without regard for the spinal segment involved.
While the spinal reflex used as test object in the experiment of Fig.  3 and 4 belonged to the type of flexion reflex which is executed through a multisynaptic pathway, a reflex activity studied in the experiment of Fig. 5 was a monosynaptic reflex discharge which was elicited in L, ventral root with a latency less than 2 milliseconds by single shock stimulation of L, dorsal root. With this type of reflex activity too, the progress of the suppressing action of GAB was much the same as was found with the multisynaptic reflex. and C. Yamamoto 
3) Experiments on decerebrate and spinal animals
With a cat decerebrated at the intercollicular level, the effect of GAB was tested upon a flexion reflex of the leg which was produced in the same way as in the preceding experiments. Within about 15 minutes after spraying 10% solution of GAB around the cut end of the brain stem, we ƒÁ - Aminobutyric   Acid  and  Motor  Suppression  277 were successful in demonstrating a suppression of the flexion reflex as clearly as in a normal cat. In connection with this experiment, an experiment must be mentioned which was done in a cat with the spinal cord transected acutely at lower thoracic segments. As in the experiment of Fig. 4 , reflex movements were evoked in a foreleg and a hindleg respectively. An intracisternal injection of GAB, in about the same amount as used in the foregoing experiments, could suppress the reflex movement in the foreleg. However, no sign of the reflex suppression whatsoever could be found in the hindleg.
Based upon the evidence obtained in these experiments, a conclusion can safely be reached that, in order for intracisternally injected GAB to suppress the spinal reflex, the spinal cord must keep a neural connection with a suprasegmental structure which can be limited to the part below the intercollicular level.
4) Ascending influence upon electrocortical activity
In some experiments where cats were very lightly anesthetized and EEG activity of the cerebral cortex consisted of low voltage fast waves, GAB was found to shift EEG activity from a desynchronized state to a synchronized one.
The records mounted in Fig. 6 show that such an ascending effect of GAB upon EEG is always associated with the suppression of the spinal reflex. In this experiment, electrical activity of the cerebral cortex was observed simultaneously with reflex movements of a foreleg occurring upon stimulation of the forepaw's skin. As soon as 3 minutes after an intra cisternal injection of 10 mg. of GAB, there occurred, in association with a suppression of the spontaneous shivering, an EEG deactivation in such a manner that activity of fast waves was definitely reduced and the frequency of occurrence of the spindling markedly increased (record 2). While a synchronized EEG pattern was maintained as before, motor suppression became most manifest 10 minutes after the injection (record 3). A replacement of a synchronized EEG by a desynchronized one was ac complished almost simultaneously with a recovery of the reflex movement (record 4).
DISCUSSION
It has been reported by Takahashi and his associatessl that GAB has a strong effect in causing a fall in blood pressure when it is administered either intravenously or intracisternally. Furthermore, these workers have succeeded in showing an instantaneous pressure fall by microinjecting a minute quantity of the substance into the bulbar area which has been classically defined as " depressor point ". Though such is actually the case, we do not believe that such motor suppression as demonstrated in the present experiment is a phenomenon secondary to a blood pressure fall in the systemic circulation. A reason for this statement can be found in the experimental evidence presented in the above section. Briefly, in a cat with the spinal cord transected at lower thoracic segments, the reflex suppression due to GAB occurred only in the foreleg, not in the hindleg. This fact must mean that the suppressing effect of GAB upon the spinal reflex is mediated through an intramedullary neural pathway.
We have pointed out that a suprasegmental structure lying below the intercollicular level is most essential for the suppression of the spinal reflex following intracisternal injection of GAB. It seems most reasonable to consider as a candidate for this structure the brain stem reticular forma tion, which has been found by Magoun and his colleague? 8> to exert a regulatory influence upon the spinal reflex as well as upon the cortically induced movement. A support for this view can be provided by the experimental finding that, if there is a motor suppression due to GAB, the cortically induced movement and the reflex movement are affected indiscriminately. Among the possible explanations of our findings in terms of activity of the reticular system, the one which we are inclined to take is that there must be at least an inhibition of the reticular facilitatory system. In following this notion, it is very conceivable that an EEG synchronization is associated with a suppression of the spinal reflex, because the ascending EEG activating system and the descending facilitatory system have been supposed to be mostly synergic9).
Experimenting on the stretch receptor neurone of the crayfish, Kuffler and his collaborator10) revealed that GAB acted upon the neurone merely as a depolarizing agent, rather than as an inhibitory transmitter substance. If this view can be extended to our findings, an inhibitory effect of GAB upon the reticular facilitatory system should be considered as unspecific. In fact, the motor suppression observed in the present experiment is quite
